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1 ^Appaxatus* 
2 

3 111© pif^sent invention relates to a cement flow 

4 control tool and especially but not exclusively, a 

5 cement flow control tool for use in. cementing a 

6 string of tubular s sucli as a casing or lin^r string 

7 into an oil, gas or water borehole*. 
8 

9 Primary cementing is the process of placing cement 

10 in the anmilus between a casing or liner string and 

11 the formatioxas escposed to the borehole- A major 

12 objective of primary cementing ie to provide zonal 

13 isolation in the borehole of oil, ga^^. and water 

14 wells, i,e, to exclude fluids such as water or gas 

15 in one zone from oil in another zone. To achieve 
15 this^ a hydraulic seal must be obtained between, the 

17 casing and the cement, and between the cement and 

18 the formations, while at the same time preventing 

19 fluid channels in the cement sheath. Without 

20 coxaplete zonal isolation, the well itiay never reach 

21 its full producing potential and remedial work to 

22 repair a faulty cementing job may do irreparable 
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1 harm to tlie producing formation, in consequence, 

2 reserves may b« lost anfl coinmencemeBt of production. 

3 may be delayed. 

4 . . 

5 After drilling the well to the desired depth, the 

6 drillpipe is removed and a casing ©trijag is run in 

7 until it reaches the bottom of the borehole. The 

8 casing string typically has a shoe, such as a float 

9 shoe, guide shoe or a reamer shoe on the end to 

10 guide the casing string into the borehole. At this 

11 time, the drilling mud {used to remove formatioix 

12 cuttings during the drilling of the well) is still 

13 in the borehole? this mud must be remorved and 

14 replaced by hardened cement. 
15 

16 TCliis is done -by passing cement down through the 

17 inside of the casing string; the cement passes out 

18 of apertures in the shoe and into the annulus 

19 between the borehole and the casing. The drilling 

20 mud is displaced upwards and the cement replaces it 

21 in the annulus- THe cement needs to extend at least 

22 as far up the annulus so as to span th© production 

23 zones, and the previous casing shoe if present, and 

24 sometimes the cement even extends to the surface. 
25 

26 However, the cement is heavy and so ^erts a large 

27 force on the drilling mud- Drilling mud is less 

28 heavy than cement, so the cement causes the drilling 

29 mud to travel quickly up the annulus. Fast flowing 

30 drilling mud brings a high pressure to bear upon the 

31 formation and excess solids and drill cuttings may 

32 bxiild up in the annulus, exerting even more pressure 
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on the fo3pmat:lon« The formation may bz-eak down 
Tjnder the preasure, resulting in both severe zmd 
loss and also a loss of production. Open hole 
sections of the formation are especially prone to 
collapse r possibly ruining the borehole* 

An additional problem is that the cement, being 
heavier, may also fall down through the drilling 
mud, resulting in a. poor cement: job. 

According to the present invention there i^ provided 
apparatus for controlling the flow of cement into a 
borehole through a conduit > the apparatus coir^prising 
a decelerating means adapted to be positioned within 
the conduit for slowdLng down the flow of fluid 
through the conduit. 

The. deceleration means typically controls or 
mitigates the free fall effect of the cement* 

Preferably, the conduit is a drillpipe, tubing, 
coiled tubing, casing or liner string, but may be 
any conduit which is inserted into a borehole. 

Preferably, the decelerating means induces 
txirbulence into the fluid to decelerate the fluid. 

Typically, the decelerating means coinprises a 
passage which is preferably an internal passage of 
the apparatus, and most preferably, the passage is 
defined by at least one body member having 
formations thereon. 
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5 length of the appaurafeus. 
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10 
11 
12 

13 
14 



24 
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The internal passage typically comprises portions 
witH axial and transaxial components, so that cHe 
lengcH of tUe internal passage is greater than the 



The transaxial coaponents of the ojatemal passage 
typically cause the path of fluid flowing through 
the apparatus to deviate from its. former axial path 
through the conduit prior to flowing through the 
apparatus, thereby decelerating the fluid. 



Preferably, the decelerating means • further cpinprises 
at least one spiral passage defined toy the at least 
15 one body mettiber. 
16 

Preferably, the internal passage is uni-directional 
in the axial direction, so that in use, when fluid 
is flowing from the top to the bottom of the 
internal passage, no part of the internal passage 



17 
18 
19 
20 

21 would direct fluid up the apparatus 
22 
23 



Typically, the internal passage includes at least 
two portions spiralling in opposite directions to 
each other, Preferably, the spiral passage includes 
at least two of said portions and most preferably 
oppositely directed spiralling portions are 
positioned adjacent one another. 



preferably, the internal passage includes two or 

31 more of said portions and most preferably, the 

32 passage is formed so that fluid travelling through a 
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1 first pojTtion will flow in a clockwise iiir^ctian 

2 througli the spiralling parts of that portion., and 

3 fluid travelling througli a second, neighbouring 

4 portion will flow in an emti-clockwise direction 

5 through its spiralling portion^ or vice versa - 
6 

7 Preferably, turbulence is wholly, mainly or partly 

•8 induced hy a direction altering means ^ which changes 

9 the direction of fluid flowing in the internal 

10 passage. Typically^, the direction alterating means 

11 coxnprises a cavity provided between first and second 

12 oppositely directed spiral passage portions, 

13 providing a space in which the fluid changes 

14 direction between the first spiral direction and the 

15 second spiral direction* The cavity is typically 

16 formed in the at least one body member and may 

17 comprise a connecting passage linking the spiral 

18 passage portions- the coimecting passage may include 

19 axial portions and transaxial portions. 
20 

21 Whether turhulent or laminar flow results depends 

22 (among other parameters) on the speed of the fluid 

23 through the passage, 
24 

*25 Optionally, the body members connect by interlocking 

26 means, which may include tongues and grooves, 

27 

28 Optionally, the at least one body member is ceanented 

29 or otherwise fitted inside the casing or liner 

30 string. 
31 
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Typically, the apparatus is used in conjunction witli 
equipment, such as a shoe and,/ or a float collar, 
having at lea3t one one-way valve. Preferably, the 
cross-s6ctional axea of the flow path through the 
internal passage is greater than the cross-sectional 
area of the flow path through the at least one 
val-ve. 

ThuSy the rate of fluid leaving the shoe is not 
limited by the cross-section of the passage, only iry 
the amount of turbul^3.ce created in the passage. 

Optionally, the appauratus includes at least one 
collar attached to an end (preferably the lower end) 
o£ the casing or liner string, the collar having 
scre^ threads for attachment to further sections of 
casing or liner. 

The collar can replace the shoe at the (in use> 
loiwec end of the apparatus, olie collar may cou;ple 
the casing or liner txxbular within which the 
apparatus is inserted to further casing or other 
equipment, in the case that, another piece of 
ec[uii3nient is re<zuired directly above the ^hoe. 

A. conventional coupling is typically used to attach 
tbe (in use) upper end of the casing or liner 
tubular wit-.hin which the a^^aratus is located to the 
rest of i:he casing or liner string. 

Preferably, the apparatus coiDprises en antx -rotation 
means to prevent relative rotation of the body 
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members and thus t3ie passage and che shoe. 
Typically, the anti-robatioxx means Inclttdes a 
device, which may lae a sub, shaped to engage a bore 
provided in the shoe^ Preferably, an axial locking 
means is provided to prevent axial separation o£ the 
device and the shoe: Frefezrably, the axial loolcing 
mft ane con^rises a latch provided on one of the 
device and the shoe, and a gxoove (to engage the 
lat:ch) provided on the other of the device and the 
shoe. Most preferably^ the locking means comprises 
a circlip provided on the device which is adapted to 
engage a groove in the shoe to prevent axial 
separation of the device and the shoe. Preferably, 
the anti-rotation means comprises a tapered edgre 
provided on one of the device «aad the shoe s*ti/^ a 
correspondingly shstped groove provided on Che other 
of Che device and the shoe. Typically, the tapered 
edge is provided on the device and the groove is 
provided in the shoe-. Typically, the anti-rotation 
means prevents relative rotation of the at lea3t one 
body member and the shoe once the axial locking 
means has engaged. 

The anti-rotation means is useful to help prevent or 
restrict the rotation of the at least one body 
member and thus the passage when che at least one 
body manaiber is drilled through. Rotation of the 
passage would be disadvantageous as rotation of the 
drill bit could rotate the passage, if it is not 
firmly cemented to the casing, instead of drilling 
through the passage. 
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1 optionally, the apparatus further comprises an outer 

2 protection means, which ittay he a shroud. Typically, 

3 the outer protection means is provided with 

4 apertures in the side wall thereof . 
5 

6 According to a second aspect of the present 

invention there i^ provided a method of controlling 

8 the passage of cement through a conduit located a 

9 borehole r comprising passing a fluid through a 
decelerating means located inside the conduit, the 
decelerating means being adapted to decelerate the 

12 fluid passing through the c<aiduit- 
13 

14 Preferably, the decelerating means is inserted into 

15 the conduit prior to running in the conduit into the 

16 borehole, 
17 

IS Preferably, the fluid is decelerated by induction of 

19 turbulence into the' fluids • 

20 

21 Typically, the turbulence is induced by passing the 

22 fluid through a passage, which may be a spiral 

23 passage, defined by the decelerating means. 
24 

"25 Preferably, the spiral passage includes portions 

26 spiralling in opposite directions and the turbulence 

27 is induced in a connection region between the 

28 portions where fluid spiralling in one direction has 

29 to change direction and spiral in the opposite 

30 direction. 
31 
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Preferably, th& spiral passage includes a plxirality 
of oppositely directed spiralling portions 
positioned in series and the fluid passes through a 
plurality of connection regions as it flows through 
the conduit. 

Typically, the conduit includes a shoe attached to 
one end o£ the conduits the shoe having a fluid 
.outlets and fluid is pimped or passed thiroxigh the 
conduit eind entere the borehole by the fluid outlet. 

Optionally^ the passage has^ a shroud having 
apertures and pumping fluid thrpugh the passage 
causes soiae of the fluid to exit the passage through 
the apertures. Preferably^ cement puniped or passed 
through the passage exits through the aperttxres to 
cement the decelerating means to the conduit- 

An embodiment of the invention will now be described 
by way of example only aru3 with reference to the 
following c3rawings, in which 

Fig 1 shows a sic3e view with interior detail of 
two cement tools stacked on top of each other 
and inserted in a dox«jnhole assertibly between a 
sboe and a casing string; 

Fig 2 shows a side view with interior detail of 
the shoe of Fig 1; 

Fig 3 shows a perspective view of a connector 
sub of Fig 1; 

Fig 4 shows a side view with interior detail of 
a collar which can be used with the tool of Fig 
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L Fig 5 showe a side view of a first tool 

2 portion; 

3 Fig 6 rilows a side view of a second tool 

4 pozrtion; 
Fig 7 slxows a plan view of tlae rear (ri^t 

6 band) esad of tlie second tool portion of Fig 6, 

7 rotated tbrough ISO"; 

8 Fig 8 sliows a plan view of the front (left 

5 liand) end of the first tool portion, of Pig 5; 
Pig 9 shows a aide view with some interior • 

11 detail exposed of one of the cetaent tools of 

12 Fig 1? 

Fig 10 shows a schematic diagram of the 

14 apparatus assembled in a borebiole, with eeaent 

15 forcing the drilling mud through the apparatus; 

16 and 

Fig 11 shows a schematic diagram of the 

18 apparatus with displacement fluid forcing the 

19 cement thcough the apparatus. 
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20 



21 Fig 1 shows apparatus in accord^ace with the present 

22 invention comprising a first cenent tool 10 and a 

23 second cement tool 20 coupled together. Bach tool 

24 10, 20 is made up o£ a first body member 30 having a 

25 left hand spiral portion and a second body member 40 

26 having a right hand spiral portion, shown in Figs 5, 

27 6, 7 and 8, It will, however, be appreciated that. 

28 the left and right hand spiral portions may be 

29 swapped with one another. 
30 

31 TOie cement tools 10, 20 are located inside a length 

32 of casing 60, which has standard screw thread 
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connections on eacb «id. Tlie upper end of casing 60 
is connected to a casing coupling 12 whicli is 
attached to ttie arest of the casing string (not 
shown) • It is not necessary for the tools 10/ 20 to 
be located inside casing 60; the tools 10, 20 iftSY toe 
located inside any conduit which is inserted into 
the borehole > such as drillpipe, tuhing, coil cubing 
ox liner ^ l?he cement tools 10, 20^ do not 
necessarily extend all the way up the length of 
casing 60 as shown in Fig 1; the cement tools 10, 20 
t:^ically only extexxd approximately halfway up the 
length of casing 60 . 

Each boc^y member 30, 40 has a central column 31, 41 
with a spiral protrusion 34, 44 e>ct ending therefrom • 
The radially outer edge of the spiral protrusions 
34, 44 extends substantially to the inner wall of 
the casing 60. Ihus, a spiral passage 36/ 46 is 
formed between the surfaces of the spiral protrusion 
34/ 44, the central coltimn 31/ 41 and the inner 
surface of the casing 60. 

The body members 30, 40 are connected together by 
inter -engaging tongues and grooves • E^ch body 
member 30, 40 has a dove tail or tongue 32 at one 
^ nd (here, the upper end with respect to the 
borehole) and a groove 42 in the opposite end. 
However, in some embodiments^ the positions of the 
tongues 32 and the grooves 42 are reversed- Each 
tongue 32 is dimensioned so that it is a tolerance 
fit with its respective groove 42 so that the 
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1 ]^rtions 30, 40^ will not become accidentally 

2 disconnected in the boreliole- 
3 

4 Tbe cement tool3 10, 20 are connected together in 

5 the same way as the body menibers 30, 40; i.e. by 

6 connecting the tongue 32 of the second body member 

7 40 of the first tool 10 with the groove 42 of the 

8 first body mCTiber 30 of the second tool 20. A 

5 connecting passage 86 joins the ;5piral passages 36, 

10 46 of the body members 30, 40 together, as best 

11 shown in Fig 9. The connecting passage 8S is 

12 preferably cylindrical, having a first axial portion 

13 88 which extends from the (in use lower) end o£ 

14 spiral passage 46, a second axial portion 89 which 

15 extends from the (in use -upper) end of the si>iral 

16 passage 36 and a third transaxial portion 86A., 86B 

17 being a passage travelling through, and across the 

18 axis ofr the cement tool 10, 20, connecting the 

19 first and second axial portions together. The first 

20 88 and second 89 axial passage portions are formed 

21 • from a pair of off-centre axially arranged 

22 cylindrical bores formed respectively through the 

23 members 40, 30 and the third transaxial passage 

24 portion 86 is formed from a transaxially arranged 

25 cylindrical bore 86 formed through the body meaoabers 

26 30, 40 when joined together, so that the transaxial 

27 bore 86 spans the join betweeani the body meanbers 30, 

28 40. 
29 

30 Fluid flowing through the cement tools lOj. 20 will 

31 be decelerated by being forced to change froiti axial 

32 to spiral flow. In this embodiment/ the cross- 
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section o£ the interior passage is smaller than, the 
cross-sscticm of the conduits which will also cause . 
deceleration of the fluid. 

0*he lower ectd Of casing 60 is connected to a shoe 14 
by means of standard screw threads-. The ceotent tool 
.;L.0 is connected inside the shoe 14 by an anti- 
rotation connector Sub 16 {shown in Fig 3) . The 
connector sub 16 has. a groove 42 which engages the 
tongue 32 of the lower end .of the first cesaent tool 
10. iQie connector sub 16 has a front portion 54 and 
a rear portion 56. Both portions 54, 56 are 
cylindrical but portion 56 .has a larger diameter. 
The lower end of portion 56 tapere CO a poinc to 
provide a tapered end 58. A circlip 62 is disposed 
in a groove in the front portion 54. 

Tlie shoe 14 has an Inner boxe shaped to co-opeoratie 
with, the outside surface of th© <:;oim«ctcr sxib 16. 
The inner bore has a naxrow portion 68 with a groove 
64 for engagement o& the circlip 62. a?he inner bore 
of the shoe l4 also has a wider portion 69 having a 
V-shaped receiving surface 70 corresponding to the 
tapered end 58 to receive the tapered end 58- 

The connector sub 16 is insorted into the $hoe 14 
andy once the circlip 62 is aligned with the groove 
64 in the inner bore of the shoe 14, the circlip 62 
expands into the groove 64* Thie prevents fiirther 
a^cial movement between the shoe 14 and the oonn^ctor- 
16 {and hence the tools 10, 20 and the rest of the 
apparatus) . 
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The connector sub 16 can be inserted at auy angle « 
as it will alien itself due to the tapar^d end 58 
mating with th.e V-shaped receiving surface 70. Once 
the circlip 62 is engaged, the tapered end 58 cannot 
escape froMi the V-shaped receiving surface 70 as the 
axial movaaient needed to do tbis is presvented bar the 
engaged circlip 62. Furthermore, the connector sub 
cannot rotate relative to the shoe 14 due to the 
mating of the tapered end 58 and the v-shaped 
receiving surface 70. Therefore, the shoe 14 is 
fijced relative to the cement tools 10, 20, both 
rotationally and axially. 

The shoe 14 has a nose 50 having outlet ports 52 to 
allow fluids to pass through the shoe 14 into the 
annulus between the casing and the borehole {not 
shown) . The sboe 14 also typically has a one-way 
valve 55, to prevent fltiids from flowing back into 
the casing string^ 

The cross-section of the passage inside the tools 
10, 20 is preferably larger than the cross-section 
of the valve 55. This means that the fluid flow 
rate is not limited by the size of the valve 55. 
Th© fluid flow rate is only limited by the amount of 
turbulence created inside the tools 10, 20. 

Pig 4 shows a collar 80 which ceua be attached to the 
cement tool 10, instead of tbe shoe 14. The collar 
80 is tiypically used in the cases where it is not 
desired to connect the tools 10, 20 directly to the 
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1 shoe 14 y s,g. if another tool is required to ba 

2 inserted above tbe sboe 14, However r it will also 

3 be ajRpreciated tbat the cement tools 10, 20 could be 

4 placed at aniy^ suitable position in the coziduit by 

5 any suitable locating device such as adhesives etc. 

6 or even by providing the outer diameters o£ the 

7 cement tools 10 # 20 as a clearance fit with the 

8 inner diameter of the conduit. Each end of the 

9 collar 80 is screw threaded for engagement with 

10 casing 60 and for engagement with further casing 

11 (not shown) * TOie collar 80 has an imier bore 

12 similar to that of the shoe 14 for engagement with 

13 the connector sub 58. The inner bore has a narrow 

14 portion 68 with a groove 64 for ^gageraent of the 

15 circlip 62 and a wide portion 69, having a tapered 

16 circmnf erence 70 corresponding to the tapered end 

17 5S. The collax 80 may be used to position the tools 

18 10, 20 above the shoe track 93 (the shoe track is 

19 shown in Figs 10 and 11) , (The shoe track 93 is a 

20 coxmnon term in the industry to designate the 

21 coiribination of a shoe, one or two joints of casing 

22 and a float collar- ) 
23 

24 Fig 9 shows the tool 10 having a shroud 82 around 

25 the exterior, whioh could be formed Crom an easily 

26 drillable material. The shroud 82 has apertures 84 

27 formed in its side wall. The apertures 84 are 

28 typically distributed throughout the surface of the 

29 shroud 82- 
30 

31 The shoe 14, the tools 10, 20, the connector sub 16, 

32 any collar 80 and any plugs used with the apparatus 
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ar-e prefeirably madd from irkat:dzriald which, can 
drilled through ^ such as a plastiic or aliiiainium. 
Thd tools 10, 20 and' connector sub 16 are preferably 
xaade out o£ a thermoplastic. 

Xn u^a, tha shoe 14, connector sub 16/ tools 10, 20^ 
casing 60 and casing coupling 12 are cotmected to 
form th6 as^g^nvtbly shown in Fig 1 by engaging screw 
threads, tongues and grooves as described above. 
The assembly is then- run into the bor^ole and 
drilling mud is puiciped down through the casing 
string. When the assembly reaches the required 
depth, the casing is cemezited in place. This is 
done by puiopixig cemQiit down throxigh the casing 
string- The cement is pmnped on nop of the drilling 
mud already in the casing sttring^ and displaces the 
drilling tttud, accelerating the mud down through the 
casing string and the tools 10, 20. 

The c^ent may be punned directly on top of the 
drilling maid, in which case.it could be advantageous 
to start with a low density cement slurry and to 
gradually build up the density. Cement additives 
{commercially available) have been developed to 
control the density of the cement slurry. The 
density can be lowered by adding an additive which 
has a low specific gravity^ or which allows large 
qpia-ntities of water (which is lighter weight than 
cement) to be added to the c^aient, or a combination 
of both. The lead slurry should therefore be the 
lightest; typically around 10 lb/gallon, followed by 
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1 Ml intermediate slurxy ot aroujaS 11.5 lb/gallon, and 

2 a tail slurry of 15. lb/gallon. 
3 

4 In this way, full density cement is not directly on 

5 top of, tiie drilling- mad,r and this reduces the 

6 probability of the cement falling thxough the mud- 

7 1*he deceler-atingr action o£ the tools 10, 20, which 

8 will be detailed subsequently, also reduces the 

9 likelihood that the cement xsrill fall thxough the 
10 mud. 

11 

12 Alternatively, as shown in Fig 10, a plug 90 could 

13 be positioned between the drilling mud 94 and the 

14 cement 52, Ifhe plug 90 typically has a sheer 

15 section 91 which brea3cs on the application of a 

16 threshold pressure • In the case where the tools 10, 

17 20 are located directly on top of the shoe 14, the 

18 plug 90 lands on top. of the float collar 95. Fig 11 

19 shows the plug 90 landed and sheared by the pxessuare 

20 o£ the cement 92 above it- The float collar 96 

21 typically has an anti-rotation device (not shown) > 

22 such as saw tooth protrusiQx;tS/ to engage the plug 90 

23 g*r^^ to prevent rotation of the plug 90 when it is 

24 subse<3uently drilled through- 
25 

26 The Fig 10 embodiment also shows the casing 60 

27 (which contains the cement tools 10, 20) and a 

28 following casing string 61 having commercially 

29 available centralisers 98 to hold the casing 60 and 

30 the casing string 61 in the centre of the borehole 

31 95- 
32 
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In clie case (not: sliowzi) where tlie tools 10/ 20 are 
located above the shoe track 93 such that the tools 
10/ 20 would be located in the casing string 61, a 
landing device (not shown) is typically provided to 
land the plug 90. the laaiding device would 
t^ically have an anti-rotation device to prevent 
rotation of the plug, as explained above. 

Before the c^ent puts pressure on the drilling nnad, 
the <3rilli3ag mud flows slowly ^ough tbxough tlie 
tooX^ 10/ 20 £or tlie flow to be laminar, ^us^ the 
tools 10/ 20 do not: restrict: t:h^ flow of the 
drllllnsr mud before the cement is introduced into 
the casing string? the only restriction on the flow 
of the drilling imid is the size of the valve 54 . 

However, when the mud is accelerated by the ceiaent, 
the velocity of the mud is increased sufficiently 
for the drilling mud to become turbulent* As the 
drilling mud passes from the right-hand spiral 
portion 40 to the left -hand spiral portion 30, the 
drilling mud is forced to spiral in the opposite 
direction. Anticlockwise spiralling mud meets 
clockwise spiralling imxd in the passage S2 between 
the portions 30, 40 such that eddy currents build up 
and the mud in the passage becomes turbulent. The 
turbulence restricts the flow of the mud through the 
tools 10, 20. Thus, the velocity of the mud which 
leaves the shoe and flows up* the annulus between the 
casing and the formation is reduced, thereby 
exerting a reduced pressure on the fonoation and 
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1 reducing the probability of the forzoation breaking 

2 down . . 
3 

4 Vlhen the ceiaent reaches the tools 10, 20, some o£ 

5 the cement flows through the apertures 84, which 

6 serves to cement the tools 10, 20 to the casing 60. 
7 

S Cement is continued, to be piamped through the casing 

9 string until all the drilling mud 94 has been 

10 eiipelled from the shoe 14 and the cement 92 now 

11 fills the annulus between the casing string 61 and 

12 the borehole 95. A plug 102 is typically used co 

13 act as a separator between the consent 92 and a 

14 displacement fluid 100 (e.g^ more drilling mud) used 

15 to propel the cement 92 downwards . Typically, this 

16 plug 102 lands on the float collar 96 (or the 

17 landing device, if the tools 10, 20 are located 

18 above the float collar 96) , on top of any presvious 

19 plug 90. Thiis^ when- the cement 92 sets, in addition 

20 to filling the annul us ^ it will also fill all of the 

21 apparatus below the plug, including the tools 10, 

22 20. 
23 

24 - x£ deeper drilling is required, any plugs, the tools 

25 10, 20, any collar 80 and the shoe 14 are drilled 

26 through. 
27 

28 Modifications and ixciprovements can be made without 

29 • departing from the scope of the invention. Por 

30 example, more or fewer tools 10, 20 may be used in 

31 combination. The plastic or aluminium shroud 82 and 

32 the anti-rotation connector sub 16 are not essential 
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elexo^ts of tlie Invenci^. Foir instance/ tlie tools 
10 r 20 could be c^manted into the casing- 60, or 
othezrwid^ fixed to the casing 60 or the casingr 
coupling 12, thus obviating the need for the antx- 



Also, left-hand and right-hand spiral portions 30, 
40 need not be positioned alternately; two portions 
30 oould be followed by two portions 40. The tool 
could optionsLLly comprise only one spiral portion, 
or a combination of uni -directional spiral portions. 
In further alternative embodiments , the spiral 
portions 30, 40 could be replaced by a combination 
of straight ascially arranged portions (not shown) 
and circTjJttf erentially arrangad portions (not shown) 
such chat the fluid would flow aroxind a 
circimif erential portion at one height and then flows 
down the straight axially arranged portion to the 
n^ct lower circumferential portion and so on. 

Furthermore the spiral portions 30, 40 need not i>e 
attached by tongues and grooves? other attachment 
means such as screw threads could be provided, 

llie shoe 14 could be any type of shoe such as a 
reamer shoe, a guide shoe or a float shoe- 

The anti-rotation sub 16 is not an essential feature 
of the invention. In some embodiments, it is not 
necessary, e.g. the cement tools 10, 20 can be 
cemented, janMed or secured in any other way to the 
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inside of the casing or other conduit so as to 
prevent rotation. 

Xn the case where che cement tools 10/ 20 are 
located inside drillpipe, neither the shoe 14 nor 
the collar 80 would be necese^ary. The drillpipe 
could be hung off (i.e. from a casing string) in 
such a way as to prevent rotation of the drillpipe - 
The cement tools 10, 20 could be diitiensioned to be a 
clearance fit inside, the drillpipe^ to jam the tools ■ 
10 r 20 inside the drillpipe to prevent relative 
rotation therebetween- 

The passage 86 between spiral portions 30 and 40 
could include a chamber wider than che rest of the 
passage in which the- streants of oppositely flowing 
fluid could meet and . interact . 
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